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Abstract 
The traditional 4-step travel demand forecasting model is the most widely used model for the transportation planning in the 
world. However, it requires extensive time and costs for analysis. In addition, it is uncertain to have an accurate result of transit 
ridership, especially when two or more stations exist in the same traffic analysis zone. For this reason, transportation planners 
consistently point out the need of a sketch ridership model or a direct demand model based on socio-economic data. This study 
empirically analyzes the relationship among urban railway ridership, socio-economic characteristics and catchment bands. For 
this purpose, the study develops sketch level transit ridership models that are practical in the process of an initial railway plan. 
The study utilizes socio-economic data based on a block group level, which is about 1/24 of a traditional zone size. The analysis 
examines 278 existing stations, including 248 stations of heavy rail transit (HRT) and 30 stations of light rail transit (LRT) in 
Korea. The results show that the catchment band of HRT stations is wider than that of LRT stations. Ridership of HRT stations is 
highly correlated with numbers of business and household, while ridership of LRT stations is highly correlated with numbers of 
economically active population and business.  
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Conference Program Chairs. 
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1. Introduction 
A variety of transportation policies is suggested to meet a trend of society and a shift of transportation paradigm 
for the better people’s life and the environment. It is also proposed to have differentiated transportation demand 
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forecasting (TDF) models appropriate to its objective. Transportation projects can be implemented throughout the 
process of feasibility evaluation and modeling of TDF is one of the requirements in an initial transport plan. The 
traditional 4-step model is the most popular TDF model for the transportation planning in the world. However, it is 
not an effective way to apply the traditional 4-step model in the same way to the initial transport plan as the 
evaluation purpose, because the method requires extensive time and cost from collecting a variety of input data to 
validation of the model. In addition, it may not give an accurate result for the transit ridership forecast, especially in 
the case when two or more transit stations exist in the same traffic analysis zone (TAZ). For this reason, transport 
planners1,2,3,4,5 consistently point out the need of a sketch ridership model or a direct demand model based on socio-
economic data in order to remedy the limitation of applying 4-step model. Sketch planning method is useful in both 
long- and short-range regional planning and in preliminary corridor analysis. It is also known that using the method 
can reduce cost of analysis by 20 times than that by the 4-step model6. The most important factor affecting transit 
ridership is socio-economic characteristics around a station, especially within a half-mile distance (equals about 800 
m) of the catchment. However, several transport experts7,8 raised a question whether using a half-mile distance is 
appropriate or not. 
The purposes of this paper are 1) to review socio-economic characteristics affecting transit ridership based on the 
correlation analysis and to find if there is any discrepancy between the two systems including heavy rail transit 
(HRT) and light rail transit (LRT); 2) to review whether the half-mile distance of catchment area, which is the 
commonly accepted distance, is appropriate; and 3) to develop sketch level transit ridership models that are practical 
in the process of an initial railway plan. For these purposes, this paper utilizes socio-economic data based on the 
block group level and performs case studies based on transit stations currently operating in local metropolitan areas 
in Korea. 
2. Data and correlation analysis 
2.1. Data 
There are two main input data used in this analysis. The first data is the unlinked transit ridership (i.e., number of 
boarding at a station), which is obtained from each urban railway corporation of metropolitan government. Another 
input data is the socio-economic data that affects directly to ridership and is obtained from KOSTAT (Statistics 
Korea), which is a central government organization for statistics in Korea. SGIS (Statistical Geographic Information 
Service) in KOSTAT provides with various socio-economic data in GIS format and/or text files. One of data 
interested in this analysis is socio-economic statistics based on the block group level. The block group level refers to 
the area that sub-classified a typical TAZ. The base classification is the number of population (i.e., about 500 
residents) within each TAZ. There are 3,492 TAZs in Korea, while the number of block groups is about 85,421. 
Thus the size of a block group is about 1/24 of a TAZ.  
SGIS provides with such data as employment related data (i.e., total number of employee, number of business by 
industrial classifications), household related data (i.e., total number of household, average number of household 
member, number of household by types of family), population related data (i.e., total number of population, number 
of population by age or gender), housing related data (i.e., total number of house, number of house by types).  
This study extracts the block group level socio-economic data from GIS DB provided by SGIS, and they are 
further classified by the distance of catchment areas from 300m to 500m with an interval of 50m. Note that the 
typical catchment distance used in transportation planning is a half-mile in America, while it is 500m in Asia. Thus, 
if a block group is within a 500m band around a station, socio-economic values of the block group is extracted. Fig. 
1 shows an example of block groups within circles of both 300m and 500m from a GyeSan station. The 
corresponding statistics within 500m are 32,806 residents, 12,215 households, 1,460 businesses and 5,636 
employees, while there are 16,459 residents, 6,171 household, 1,063 businesses and 4,621 employees within 300m.  
Total 10 urban railways currently operating in local metropolitan areas in Korea are selected for this analysis. 
They include 8 HRTs (Line 1 in Incheon, Line 1 in Gwangju, Line 1 in Daejeon, Line 1 and Line 2 in Daegue and 
Line 1, Line 2 and Line 2 in Busan) and 2 LRTs (the Uijeongbu LRT and the Everline LRT in Yongin). Total 
number of stations is 278, including 248 stations of HRT and 30 stations of LRT. Table 1 illustrates urban railways 
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analyzed in this paper. All data are based on the year 2010, except number of station boarding of 2 LRTs, because 
they started operation since 2010.  
 
 
Fig. 1. An example of block groups within circles of 300m and 500m at the Gyesan station. 
Table 1. Urban railway lines in this analysis. 
Railway line Analysis year Number of stations Length(km) 
Line 1 in Incheon 2010 29 29.4 
Line 1 in Gwangju 2010 19 20.5 
Line 1 in Daejeon 2010 22 20.5 
Line 1 in Daegue 2010 30 25.9 
Line 2 in Daegue 2010 26 28.0 
Line 1 in Busan 2010 34 32.5 
Line 2 in Busan 2010 42 45.2 
Line 3 in Busan 2010 16 18.1 
Uijeongbu LRT 2012.11~2013.10 15 11.4 
Everline LRT in Yongin 2013.5~2013.10 15 17.7 
2.2. Correlation analysis 
This section reviews interrelationship between the number of actual boarding at a station and socio-economic 
data at the block group level within various catchment distances from the station. Before performing the correlation 
analysis, all data are first log-transformed in order to make sure of stabilization of variance and linear 
transformation. The results of the correlation analysis are shown in Table 2.  
As results of correlation analysis, there is a distinctive difference between HRT stations and LRT stations in 
terms of interrelated socio-economic characters as well as size of catchment area. Number of boarding at stations of 
HRT is highly correlated with numbers of household (0.477) and business (0.655) within 500m catchment distance. 
On the other hand, number of boarding at stations of LRT is highly correlated with numbers of economically active 
people (0.672), who are between 20 years old and 55 years old, and business (0.580) within 300m. Among the 
employment related variables in stations of HRT, number of business is more related to transit ridership than 
number of employee within all catchment distances. In addition, the correlations of employment related variables 
are higher than those of population related variables in HRT stations. On the other hand, stations of LRT show that 
ridership is slightly more related to the population variable than the employment related variables. 
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Table 2. Results of the correlation analysis. 
Pearson correlation Number of boarding at a 
stations of HRT 
Number of boarding at a 
stations of LRT 
No. of household (300m) 0.465** 0.656** 
No. of resident (300m) 0.409** 0.653** 
No. of economically active population (300m) 0.418** 0.672** 
No. of housing (300m) 0.405** 0.558** 
No. of employee (300m) 0.611** 0.494** 
No. of business (300m) 0.665** 0.580** 
No. of household (350m) 0.499** 0.641** 
No. of resident (350m) 0.430** 0.640** 
No. of economically active population (350m) 0.435** 0.654** 
No. of housing (350m) 0.427** 0.562** 
No. of employee (350m) 0.633** 0.456** 
No. of business (350m) 0.681** 0.562** 
No. of household (400m) 0.508** 0.620** 
No. of resident (400m) 0.447** 0.621** 
No. of economically active population (400m) 0.451** 0.629** 
No. of housing (400m) 0.440** 0.559** 
No. of employee (400m) 0.633** 0.475** 
No. of business (400m) 0.687** 0.577** 
No. of household 450m) 0.529** 0.589** 
No. of resident (450m) 0.462** 0.595** 
No. of economically active population (450m) 0.464** 0.601** 
No. of housing (450m) 0.450** 0.526** 
No. of employee (450m) 0.626** 0.502** 
No. of business (450m) 0.676** 0.568** 
No. of household (500m) 0.535** 0.587** 
No. of resident (500m) 0.488** 0.593** 
No. of economically active population (500m) 0.486** 0.600** 
No. of housing (500m) 0.489** 0.526** 
No. of employee (500m) 0.638** 0.512** 
No. of business (500m) 0.693** 0.579** 
Observations 248 30 
             Note: ** Significant at the 99% level 
3. Development of sketch level ridership models 
In this analysis, sketch level ridership models are developed that can be effectively and practically used in the 
process of an initial urban railway plan.  The models are constructed using a multiple linear regression analysis. The 
two models are illustrated in equation (1) for HRT and equation (2) for LRT, respectively. The dependent variable is 
the number of boarding at a station, while the independent variables are numbers of socio-economic variables at the 
block group level within various catchment distances. As discussed in the previous section, ridership at stations of 
HRT are highly correlated numbers of household and business, thus they are selected. Note that dummy variables, 
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representing different metropolitan areas, are added in the HRT model because riderships of HRTs show variations 
among different regions. The definition of each variable is described in Table 3.   
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Table 3. Description of variables. 
Variable Description 
HRTk Number of boarding of HRT at station k 
LRTk Number of boarding of LRT at station k 
HHkj Number of household within j distance(m) from a station k 
BIZkj Number of business within j distance(m) from a station k 
EAPkj Number of economically active population within j distance(m) from a station k 
D1~D4 Dummy variable representing regions (Base is Incheon, D1: Gwangju, D2: Daejeon, D3: Daegu, D4: Busan) 
a, b1, b2 Coefficients 
 
The results of regression analysis for the two models are reviewed by the sign of coefficients for each variable, 
the significance of variables (t-value) and the coefficient of determination (R2). The best models are shown in Table 
4. The coefficient of determination of the HRT model is 0.600, which is not bad. All signs of socio-economic 
variables show the correct relationship, as they are positive values. The HRT model shows that the business variable 
is significant at 95% level, but the household variable is not significant at 95% level. It indicates that number of 
business is more import to estimate ridership of HRT stations. Although the household variable turns out to be 
insignificant for the prediction of the ridership, it is not ruled out in this analysis because the population related and 
employment related variables are the most important aspects in any forecasting model. All coefficients of dummy 
variables show negative signs, which means that ridership in Incheon, which is the basis, is expected to forecast 
more ridership than others. The dummy variable of Busan (D4) is not significant at 95% level. It can be explained 
by that number of employment related variables in HRTs in Busan is highly correlated to the ridership than HRTs in 
other regions. Another reason might be the mixed land uses in Busan. Busan is the second largest city in Korea and 
is a highly compacted city with mixed types of land uses and with a complex public transportation system.  
Table 4. Results of the regression analysis. 
Model Distance  Variables 
Unstand. Coeff. Stand. Coeffi. 
t-value R2 F-value 
B Std. error Beta 
HRT 500 m 
(Constant) 4.873 0.336  14.482** 
0.600 53 
D1 -1.016 0.151 -0.375 -6.737** 
D2 -0.428 0.141 -0.169 -3.031** 
D3 -0.260 0.115 -0.148 -2.254** 
D4 -0.141 0.112 -0.091 -1.265 
Household 0.013 0.055 0.015 0.234 
Business 0.539 0.050 0.696 10.787** 
LRT 300 m 
(Constant) -0.679 1.311  -0.518 
0.564 17 Economically active population 0.656 0.175 0.522 3.748** 
Business 0.307 0.117 0.366 2.629** 
Note: ** Significant at the 95% level and * significant at the 90% level 
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The best model of LRT is the model with variables of numbers of economically active population and business 
within 300m from a station. All variables except the constant variable are significant at the 95% level. The signs of 
two variables show the correct sign with the positive number. Compared to the HRT model, the coefficient of the 
economically active population variable is higher than that of the business variable. This means that number of 
economically active population impacts more on number of boarding of the LRT. The coefficient of determination 
of the LRT model is 0.564. It is smaller than that of the HRT model. It is probably due to the un-implemented of the 
transfer discount system among public transportation modes. Another reason might be that the LRT lines were 
started operations in recent years, thus ridership is not yet stable.  
4. Conclusion 
There are a few limitations on applying the traditional 4-step TDF model due to the significant time and cost 
required for the collection of input data and validation of the model and when there are two or more stations exist in 
the same TAZ. The model is not efficient in particular in the process of the initial railway plan or the project of 
research and development for a new system. This paper tries to overcome these limitations and develops sketch level 
ridership forecasting models appropriate for the initial railway project plan. In addition, this study reviews whether 
500m of the distance of catchment, which is normally accepted in practice, is appropriate or not. As a case study, 
total 10 urban railway system, including 8 HRTs and 2 LRTs in Korea, is tested. The socio-economic characteristics 
affecting the transit ridership include all available variables at a block group level, which is about 1/24 of a TAZ 
spatial size.  
Numbers of population and employment are widely used and are regarded as representative variables within a 
half mile or 500m catchment area. However, the results of this analysis indicate that variables and the catchment 
distance affecting ridership are different depending on the system. Ridership of stations of HRT is highly related to 
numbers of household and business, while that of LRT is highly related to numbers of economically active 
population and business. The distance of catchment area is found at 500m for HRT stations and 300m for LRT 
stations, respectively. Therefore, transportation planners should be aware of the relationship between socio-
economic characteristics and ridership when forecasting transit ridership.  
There are also a few limitations of this analysis. Previous studies have used a variety of variables affecting transit 
ridership from land use data to services characteristics. On the other hand, this study utilized only socio-economic 
factors, because other data is not available, which is based on the block group level. Further study would be 
expected when more micro level data are available. The ridership forecasting model developed in this study is not 
expected to substitute the traditional 4-step model. The sketch level model is not a sophisticated forecasting method 
and is the preliminary screening of possible concept with least cost and time for the analysis. Thus it should be used 
as a complemented model with the traditional 4-step model. 
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